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THE WATER EQUIVALENT O F  SNOW ON GROUND. 

In a let,ter of March 7, 1903, to Dr. H. C:. Frankenfieltl, in 
charge of the River and Flood Service, Mr. Cliarles A. Miser, 
resident engineer of tlie Ruiuford Falls Power Company, a t  
Rumford Falls, Me., on the Antlroscoggin River, cominiiiiicates 
the following interesting observations: 

“My usual gaging of the snow on the ground consists in 
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simply getting a correct and full sample of the snow on the 
ground and then melting i t  to get the wnter equivalent. The 
sample is secured by forcing a cylinder clown to the ground, 
then shoveling down arounil it and inserting a sheet metal 
bottom and lifting it out. On my VOlUlltRry observer’s report 
for March, 1900, there is given my first report of such meas- 
urements. On account of the unusual depth of snow on the 
ground a t  a late date and its peculiar condition, I was led to 
make some measurements that  season: these were on &larch 17, 
depth of snow, 38 inches; water etluivalent,. 10.4:) inches; 
on  the 31st the snow had settled to 20 inches, and the water 
equivalent was 9.84 inches. This represents orclinarily about 
100 incliels of winter snowfall, and is practically the wliole 
winter’s precipitation, to  be acldecl, when i t  runs off, to the 
greater spring precipitation. Think of this depth of water cov- 
ering the surface waiting to be released, and iniagine what mould 
happen if a11 of i t  shoulcl run a t  once into the little river chan- 
nels ! This inust hare an important bearing on flood warnings. 
By gaging the snow, one can know in advance what may be 
espectecl, niodifiecl of course by considerations as to wliether 
tlie snow melts anel evaporates in tlie sunshine only or melts 
with the aclclecl help of a warin rain. I have kept 1111 the meas- 
ureuients since in$ first olxerration in 1900. especially at  the 
end of wiuter when the snow begins to go off. 

“ h o t h e r  thought that let1 me first to such observations \vas 
my need of  it suecient explanation for certain iiioiitlily records 
of run off amounting to from 200 per cent to 500 per cent of the 
monthly precipitation. Of course this applies only to northern 
rivers, but tlie higher tlie altitude and latitude the more i t  
means. At  my present station, this season, the snow on the 
ground in an open place where m y  gage stnncls, measured on 
the 28th of Fel)ruary, 1903, only I!) incahes, and gave 6.29 
iiichels of water. but  above us in the woocls the snow is reported 
to be 4 to G feet deep. In  connection with some of the north- 
ern rivers, this water that  is helJ liack, lieing stored in con- 
gealed forin ant1 waiting to go down, slioulcl l)e taken into 
consicleration in orcler to get soim sdvanced inforniation.” 

RIVER FLOODS AND MELTING SNOW. 
B1 <’IIhRLhs .I. h f I \ F R .  ( ‘ i r i l  Engiueer, Kulut’oi~l Fall,, Me , i l a t d  . l ]~ri l  2S, 1903 

The minimum cliscliltrge of the Androscoggin River occurs 
in February, and during tlie winter season the run off is con- 
trolled almost entirely by the temperature. The anuual aver- 
age run off is about 55 per cent o f  the annual precipitation, 
and varies inonthly between 200 :tad -100 per cent of the total 
iiionthly precipitation. While trying to explain to nipelf the 
large run off in the springtime uf from 2 to 4 times the 
monthly precipitation, I was let1 to  consider the heavy corer- 
ing of snow and noted i t  as an accumulated precipitation heltl 
in cold storage, to be released l y  warm weather; sometimes 
its release is accelerated, nncl its volume is increasecl by warm 
rains. I n  March, 1900, the depth of snow on the grouncl was 
more than the average, and being very henry I thought to 
determine its water equivalent. I obtained a s:tmple by press- 
ing a cylinder down to the ground, cligging around the out- 
side, inserting a bottom of sheet metal anel lifting out the 
sau~ple. The result was entered on my iiionthly repeirt as a 
voluntary olwerrer, viz, RIitrch 17,  s11c)w un the ground, 38 
inches; water equivalent, 10.49 inches. By the 31st the sun 
had settled the snow iiearly one-half, and it  was iuuch heavier; 
the measurenient gare 20 inches of snow and the equivalent 
water, 9.84 inches. I ha\v made more such gagiiigs Rince then, 
but  not regularly. I have not usually Iuacle them systezuatic- 
ally, but  only a t  wlint seeiuecl to be the end of the winter sea- 
son. I have described the niethocl t o  a number of others, but 
have never found one who hac1 heard of it or tried it. Of 
course, in some parts of the country, iuen have no opportunity 
to see a large accumulation of snow or the remainder of three 
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or  four months of snowfall. This year I measured i t  on Feb- 
ruary 28, 1903, and happening that day to write Prof. U. C.  
Grover, a t  Orono, Me., on hydrographic matters. I described 
the process and results to him. About March 16 Professor 
Grover made a gaging of 22 inches of snow, giving 8 inches of 
mater. My gaging on February 28 was 19 inches of snow, 
giving 6.12 inches of water. Hereafter, I will make the obser- 
vations frequently and regularly, and will also make thew in 
the woods where the snow is nsually twice as deep in  the 
Rpringtime as it is in  the open space where my snow p g e s  
are. I am persuadecl that  such observations of the snow 
depths and eqiiivnlent water n-ill be valudile everywhere, as 
additional information relative to the run off that  i m y  be 
expected, but the height of the freshet that  i t  may prw1luc.e 
will depend on the rnte a t  wliich the snow melts. Here, a t  
Rumford Falls, i t  is very interesting to see t8he h ( 1 r O s C i  ’gfiin 
rise and fall with the temperature, and to see t,he high tlis- 
charge maint:tined for days in succession by  the melted SIIOW 

that  comes first, from near I1y ant1 siibseclneiitly from greater 
distances and higher altitudes. 8ome siiiiultniieous preri1ii- 
tation. temperature, an11 1’1111 off recortls itre plottetl in the 
accompanying diagrams. using m y  M enther reports in coiiiiec- 
tion with the daily discharge of  the river, as furni.;herl tn Mr. 
F. H. Nemell, of the United St,ixtes Geological Snrrey. n i i c l  
printed in Water Supply Paiber, No. 69, and su1)secliieiit 
nuinbers. 

FIG. l.-Eix er anal wvrnt1ii.r 1111scrvati11ns at Iiuniftiril Falls, 311.. 

These diagrams ( figs. 1, 2,3,4) show the rwi off. teinperi&ire, 
precipitation, and the snow on the ground at  Runiforcl Falls, 
Me., on the Androscoggin River. tluring the last four wiuters. 
It is desirable t o  plat more years and all of the last year, but 
these diagrams have been made primarily in connection with 

our recent correspondence concerning Finom on the ground, its 
water equivalent, and its disappearance. The diagrams begin 
with the winter of 1899-1900 in order to show the heavy snow- 
fall when I first took the water equivalent of the snow on the 
ground; i t  was a season of 1110re than the average precipita- 
tion, mostly in s110w form, aiid a deepnccumnlation of snow. 
The winter of 1901-2 is includecl as it is an example of the 
oppobite coiitlitioiis in this loci~litg; precipitation was small, 
iuuch of i t  RS rain, and 110 xxiimiilatioii of siiow. 

I t  will be iiotkecl that  the vertical scale of the diagranis of 
ruii of-f chmges,  viz. tlie first iuuh is lo00 cubic feet per sec- 
ond; the secoiicl inch is %J)O; the third inch is 7(JOO, and the 
fourth inch is 50.000.  Note a l w  t,liat this river has an esten- 
sire iind well miinaged 111 of storage a t  a11 elevation of 
rtlmit 1000 feet Iiiglier th in  this station. so that the run off 
is  regii1ate;l as much as pussihle. The effect of thib: regulation 
is greatest at low water and least cluring tlie freshets. Re- 
~neinlwr a150 tlint the run off n~e;~siired here does not come from 
the prec*ipitation received here, h i t  from precipitation in a 
basin north of us with altitudes 500 to 3000 feet higher. 
There may not generally be much difference b e t w e n  the pre- 
cipitation here ani1 the average of that  drainage basin. The 
principal effect of siiow accumulation in the present studies is 
that tlie nie1t)infi of the snow is tlelayetl on the higher altitudes, 
mil the spring freshet is prolonged beyon11 the coiiil’lete (lis- 
i~p1~earance of siiciw :wound here. 

111 each of tlie four minters i t  will be noticed that precipita- 
tion (luring R ineau teiuperature above 35’ F., therefore rain 
rather than sn~)w,  raises the river, but precipitation during 
temperatures lwlow 35’, therefore in snow, docs not affect the 
river. A sudden aucl considerable fall in temperature, 
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whether in connection with precipitation or not, causes an 
equally sudden fall of the river as on April 1, 1901; Janu- 
ary 1, 1902; March 6, 1902; December, 1902, and February, 
March, and April, 1903. This is niore marker1 i f  the grouiicl 
be bare or has only a light covering of snow. Observe that in 
April, 1‘300, the total precipitation for the month \vas only 1.91 
inches, but  the run off of the river was maintained n t  more 
than 20,000 cubic feet per second for a week by snow melting 
during warm weather. Notice the close parallelism of the run 
of‘r ltncl temperature profiles during this month of April, 1900, 
and then compare this iuontli with April, 1901, when the 1)iecipi- 
tation was excessive. ainounting to 7.91 inches. Tlie siiow 011 
the ground on the higher portion of tlie drainage babiii nns 
only ordinary. yet in coinbination n i th  the narin rains the 
river discharge for about twenty-four 1ic111is cluriiig the 1)arts 
of two clays in April, 1901, reached 35,000 c u l k  feet 1)er sec- 
ond. If tlie rains of 1901 had coiiie iii c.oni11inntioii nit11 a 
snow accumiilation like l!H)O. RS i t  soiiietimes does. the ri\ e r  
discharge might have again e q i d e d  55,00( 1 cubic feet per 
second as i t  did in April, 1HM. 

1111 nvatlirr uIiqPr\%tii>ii\ at X u ~ ~ i f i i r i l  Fall-, Blr. 

All the conditions of the n inter of 1901-2 were uiii~sii:tl. 
The entire season was broken and clisturbetl. Note t,he irreg- 
ular monthly precipitation, coming geiierally with teiiipera- 
tures higher than 3 2 O .  The ground n-ns bare twice; high 
water occurred in Deceniher, 1901, January, and Rlarcli. l!W, 
each time carrying out the ice. The river discharge about the 
middle of December (niizcle up of an ordinary amount of snow 
on the ground and a mnrm rain) was nearly 28,000 cubic feet 
per second, which was without precedent for t,he month of 
December. The iisiit~l spring freshet in PyI~~rch or  A4pri1 c l i t l  
not occur in 1W2, becallhe there was no snow on the ground 
and no hard rains fell. The miuter just pwserl (1902-3) n ~ t s  
approximately normal, excepting that i t  ended early, n n d  the 
snow was carrriecl off earlier t,linn iixu:d by the unprecedented 
high temperature of March labt. There were no heavy rains, 

and an  ordinary spring run off was maintained as controlled 
naturally by the temperature and the snow on the ground. 
Notice again the parallelism of the temperature and the run 
OR profiles during March ani1 April, 1909. 

~~ ~ 

Frc:. 4.--Riwr tun11 \vc~;ttli+~r e)ll+er\aticiii~ at Rumford Falls, MP. 

( ) f  (’ourse the limited o1)servntions ani1 records of these four 
winters are not sufkkient to establish any rules, but  much can 
be 1e:iriietl from them Other interesting aiid instructive con- 
clitioiis, coiii1)inntions. niitl results I U R ~  be found in these ilia- 
~raii is .  I (10 not, 1)elieve t,hnt :Inother recent period as short 
as this coulil linve heen selected thnt would sliow SO many clif- 
fereiit aiid extreme conclitions. 

TYPICAL OCTOBER WINDS ON OUR ATLANTIC COAST. 
-~ 

T. H Il \vr*,  d.iti a1 April  19, 1!Iu3 

In S(-ribiier’s A1ng:izine for .June. 1902. there is nn article by 
Hnr\e.~ RI. \V:ztts oii L L  The Gulf Streniu iiiyth mid the niiti- 
cyc.li)ne.” JYhile yery inucli of his writing is logicnl ani1 
scient,ific he xppenrs to nie when &ding with the iiortli htlan- 
tic cycloiie to be just a s  strongly iiqer:ztive as was &I. F. 
3I:tury with his clierishetl Gulf Streniu. My attention has 
11et.11 1)nrticularly drawn t u  Rlr. W‘ntts’ C’hnrt No. IV, and I 
have inntle a coiuparison lJetn eeli his suplmseed w i d  directions 
:It Bobton, New Yi~rk,  New Hnveii. aiid Phil:delphi:t, and the 
ac+d  olwervnt,ieiiis for the past elereii years :it those strttioiis. 
Tlie result is thnt this clixrt does not present the minds pre- 
vi l i i ig  oii n typical Octulwr day. 

Moreover. his explnliation (Jf so-c.alled Iuclian summer, warm 
wnveh. and milel spellti, does l i C J t  seeiu to be in acoorclance with 
whnt are coiisitlered the func1:tineiital principleb of meteorology. 
(+ranting that the permanency o f  tlie north Atlantic cyclone 
i h  :il)holutrly ebt:tlJlished, niid thnt i t h  nnnual liorth and south 
trullical inigrntions are scieiitific truths, how C R I ~  i t  be shown 
tliat the :tiiticyclonic effects can l ~ e  iiiaiiifestecl along its west- 


